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(57) ABSTRACT 

S. Keddie; 

The present invention provides peptides with a specific 
affinity for glycosaminoglycan molecules. These peptides 
may have any number of functions, including but not limited 
to use as inhibitors of glycosaminoglycan-mediated 
processes, enhancers of glycosaminoglycan-mediated 
processes, and as molecular probes to identify the presence 
of a specific glycosaminoglycan. Peptides of the invention 
may be directed against any glycosaminoglycan, including 
hyaluronic acid, chondroitin Sulfate A, chondroitin Sulfate C, 
dermatan Sulfate, heparin, keratan Sulfate, keratosulfate, 
chitin, chitosan 1, and chitosan 2. These isolated peptides 
may have therapeutic uses in the treatment or prevention of 
diseases involving infection, inflammatory diseases, cancer, 
infections, etc. The peptides may also have other biological 
functions Such as contraception. 

4 Claims, 10 Drawing Sheets 
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MODULATORS OF POLYSACCHARDES 
AND USES THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional application U.S. patent 
application Ser. No. 09/532,709, filed Mar. 22, 2000, now 
U.S. Pat. No. 6,653,285, which claims benefit of provisional 
application Ser. No. 60/126,475, filed on Mar. 26, 1999, the 
disclosures of which are incorporated by reference herein. 

GOVERNMENT RIGHTS 

The United States Government may have certain rights in 
this application pursuant to Immunodermatology Training 
Grant No. ARO7341. 

FIELD OF THE INVENTION 

The invention relates to peptide inhibitors of glycosami 
noglycans. This invention also relates to formulations, uses 
and methods of identifying such inhibitors. 

BACKGROUND OF THE INVENTION 

The extracellular matrix (ECM) is a dynamic assemblage 
of interacting molecules that regulate cell functions and 
interactions in response to Stimulation. One class of extra 
cellular matrix macromolecules, the glycosaminoglycans, 
are molecules known to be involved in a wide array of both 
normal and abnormal biological processes, including cell 
migration, differentiation, proliferation, immune response 
and cytoskeletal organization. 
The glycosaminoglycan hyaluronan (HA) is a repeating 

disaccharide of GlcNAcB1-4GlcUAB1-3, that exists in 
Vivo as a high molecular weight linear polysaccharide. HA 
is found in mammals predominantly in connective tissues, 
skin, cartilage, and in Synovial fluid, and is also the main 
constituent of the vitreous of the eye. In connective tissue, 
the water of hydration associated with HA creates Spaces 
between tissues, thus creating an environment conducive to 
cell movement and proliferation. HA plays a key role in 
biological phenomena associated with cell motility includ 
ing rapid development, regeneration, repair, embryogenesis, 
embryological development, wound healing, angiogenesis, 
and tumorigenesis (Toole, Cell Biol. Extracell. Matrix, Hay 
(ed), Plenum Press, New York, 1384–1386 (1991); Bertrand 
et al. Int. J. Cancer 52:1–6 (1992); Knudson et al., FASEB 
J.7:1233–1241 (1993)). HA levels have been shown to 
correlate with tumor aggressiveness (Ozello et al., Cancer 
Res. 20:600–604 (1960); 
Takeuchi et al., Cancer Res.36:2133–2139 (1976); Kimata 
et al., Cancer Res.43:1347–1354 (1983)), and can be indica 
tive of the invasive properties of tumor cells. M. M. Knupfer 
et al., Anticancer Res 18:353–6 (1998). 
HA is also involved in immune response, and thus may 

mediate this response in both normal and abnormal biologi 
cal reactions. Increased binding of HA to one of its 
receptors, CD44, has been shown to mediate the primary 
adhesion (“rolling”) of lymphocytes to vascular endothelial 
cells under conditions of physiologic Shear StreSS, and this 
interaction mediates activated T cell extravasation into an 
inflamed site in vivo in mice. H. C. DeGrendele, et al., J. 
Exp. Med. 183:1119–1130 (1996); H. D. DeGrendele,et al., 
Science 278:672–675 (1997). H. C. DeGrendele et al., J. 
Immunol. 159:2549–2553 (1997). Alterations in levels of HA 
and other glycosaminoglycans have also been associated 
with unwanted immune responses, and may be involved in 
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2 
diseases and disorderS Such as rheumatoid arthritis, atopic 
dermatitis, psoriasis, multiple Sclerosis, transplantation 
rejection. For example, HA and other glycosaminoglycans 
display are altered in autoimmune disorderS Such as arthritis, 
and decreased levels of both hyaluronic acid and chondroitin 
6-sulfate have been found in the diseased synovial fluid of 
both adults with rheumatoid arthritis (A. Bensouyad et al., 
Ann Rheum Dis 49:301-7 (1990)) and children with juvenile 
rheumatoid arthritis (P. F. Spelling et al. Clin Exp Rheumatol 
9:195-9 (1991)). 

Dendritic cells (DC) play essential roles in the induction 
of cellular immune responses to a variety of relevant anti 
gens. DC are known to play critical roles in the induction of 
cellular immune responses against a wide variety of antigens 
of relevance, including chemical haptens, foreign proteins, 
infectious microbes, and tumor-associated antigens 
(Steinman, “The dendritic cell system and its role in immu 
nogenicity.” Ann. Rev. Immunol.9:271 (1991); Stinglet al., 
“The Epidermis: An Immunologic Microenviromnent In 
Dermatology in General Medicine.”T. B. Fitzpatrick, ed. 
McGraw Hill and Co., New York, p. 172 (1993)). Interaction 
between HA, expressed on endothelial cells, and CD44, 
expressed on activated dendritic cells as well as T cells, and 
granulocytes, is believed to mediate homing of Such leuko 
cytes to their target Sites. 

Glycosaminoglycans, and particularly HA, are also 
known to mediate other cellular interactions that involve 
binding and entry into a cell. For example, HA is involved 
in infection of mammalian cells by the Human Immunode 
ficiency Virus (HIV), since HIV is known to bind to HA 
upon infection. Both HA and monoclonal antibodies to its 
receptor CD44 were found to inhibit HIV infection of 
monocytes by monocytotropic HIV. M. C. Levesque and B. 
F. Haynes, J. Immunol 156:1557-65 (1996). HA is also 
involved in mammalian Zygote formation by mediating 
binding of the oocyte and the Sperm. Data Suggests that HA 
in the cumulus matrix may act to prime the fertilizing Sperm 
for induction of the acroSome reaction by constituents of the 
cumulus and/or Zona pellucida. HA is thought to mediate 
this interaction by binding to the PH-20 protein to increase 
basal levels of intracellular calcium and thereby potentiate 
the acrosome reaction. K. Sabeur et al., Zygote 6:103-11 
(1998). HA mediates sperm motility by enhancing phospho 
rylation of proteins including HA binding protein. S. Ran 
ganathan et al., Cell Mol Biol Res 41:467–76 (1995). 
The role of glycosaminoglycans, and particularly hyalu 

ronic acid, in Such varying physiological processes make 
them attractive targets for therapeutic agents. Unfortunately, 
glycosaminoglycans have been found to be nearly non 
antigenic, and very few antibodies that recognize glycosami 
noglycans have been isolated. Due to this lack of 
antigenicity, it has been technically difficult to develop 
inhibitors or probes of glycosaminoglycans. Thus, there is a 
need in the art for inhibitors of glycosarninoglycan-mediated 
processes, and in particular for inhibitors of hyaluronic 
acid-mediated processes. There is also a need for a method 
of identifying effective glycosaminoglycan inhibitors in a 
Systematic, reproducible manner. 

SUMMARY OF THE INVENTION 

The present invention provides peptides with a specific 
affinity for glycosaminoglycan molecules. These peptides 
exhibit any number of functions, including but not limited to 
inhibitors of glycosaminoglycan-mediated processes, 
enhancers of glycosaminoglycan-mediated processes, and as 
molecular probes to identify the presence of a specific 
glycosaminoglycan. Peptides of the invention are adminis 
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tered in order to inhibit, alter the interaction of, or otherwise 
affect the activity or function of any glycosamninoglycan, 
including hyaluronic acid, chondroitin Sulfate A, chondroitin 
Sulfate C, dermatan Sulfate, heparin, keratan Sulfate, 
keratosulfate, chitin, chitosan 1, and chitosan 2. These 
isolated peptides are formulated and administered by injec 
tion for the treatment or prevention of diseases involving 
Viral infection, inflammatory diseases, cancer, infections, 
etc. Moreover, these peptides are formulated and adminis 
tered for the Stimulation of normal biological responses, 
Such as wound healing, angiogenesis, etc. The peptides of 
the invention cab be labeled directly or indirectly and as 
Such are useful in in vitro, eX Vivo or in Vivo probes to 
determine the presence of a particular glycosaminoglycan in 
a biological Sample and/or patient. 

In a preferred embodiment, the invention provides iso 
lated and Substantially purified peptides which specifically 
bind to and as such inhibit or otherwise affect the activity of 
HA. The isolated peptide inhibitors are characterized by 
aliphatic or polar aliphatic residues at positions 4, 5 and 6 
and/or 9, 10 and 11. 
An aspect of the invention is a composition comprising a 

carrier material and an active ingredient. The active ingre 
dient is characterized by all or any of (1) Specifically and 
Selectively binding to a glycosaminoglycan which is pref 
erably hyaluronic acid; (2) inhibiting the normal function of 
or altering the normal interactions of or otherwise affecting 
the normal activity of a glycosaminoglycan; (3) having an 
amino acid Sequence corresponding to any of SEQ ID 
NOS:1, 2, 3, 4 or 5; or (4) having sufficient homology with 
any of SEQID NOS:1, 2, 3, 4 or 5 so as to present a structure 
characterized by (1) or (2) above. 

The invention further provides pharmaceutical and coS 
metic compositions containing a peptide that Specifically 
modulates a glycosaminoglycan-mediated activity. The pep 
tides in the pharmaceutical composition are used in con 
junction with an acceptable pharmaceutical carrier, to pre 
pare medicinal compositions for the treatment of 
glycosaminoglycan-mediated disorders in animals, and 
more preferably mammals, including humans. In a preferred 
embodiment, the glycosaminoglycan modulated is HA. In a 
more preferred embodiment, the peptide is an HA inhibitor 
comprising the sequence of SEQ ID NO:1. 

The invention further provides the use of the described 
isolated peptides in cosmetic compositions, e.g. a topical 
skin cream, with an acceptable cosmetic carrier. Such topical 
skin creams may contain additives Such as emollients, 
moisturizers, fragrance, and the like. In a preferred 
embodiment, the glycosaminoglycan modulated is HA, and 
the peptide used to modulate the activity is characterized by 
aliphatic or polar aliphatic residues at positions 4, 5 and 6 
and/or 9, 10 and 11. In a more preferred embodiment, the 
peptide is an HA inhibitor comprising the Sequence of SEQ 
ID NO:1. 

The present invention also provides a method of blocking 
cell migration using peptides with Specific affinity for gly 
cosaminoglycan molecules. In one embodiment, the inven 
tion provides a method for preventing DC migration from 
the epidermis by blocking HA-CD44 interaction with a 
peptide inhibitor of HA. In a preferred embodiment, the 
peptide used to block the HA-CD44 interaction is comprised 
of SEO ID NO:1. 

The present invention also provides a method of prevent 
ing the induction of immune responses by altering the 
interaction of glycosaminoglycans and cell receptor mol 
ecules. Peptides Specific for a glycosaminoglycan can inhibit 
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interaction with cell Surface molecules of migratory cells, 
thus inhibiting the migration process. In one embodiment, 
peptides Specific for HA can inhibit the migration of immune 
cells by inhibiting interaction with CD44. In another 
embodiment, peptides that are specific for heparin can 
inhibit the migration of cells where the migration is depen 
dent on the fibroblast growth factor receptor. 
The present invention also provides a method of identi 

fying peptides that Specifically bind to a carbohydrate, Such 
as a glycosaminoglycan, using a phage display technology. 
The method of the invention includes a Step of Selecting 
peptides that Specifically bind to the carbohydrate of interest 
by collecting only the clones released from the 
carbohydrate-coated plates after treatment to neutralize the 
function of the carbohydrate, e.g. by addition of the same or 
Similar carbohydrate in excess, by enzymatic or non 
enzymatic digestion of the carbohydrate, by use of a 
chelator, and the like. 
One aspect of the invention is a composition comprising 

a pharmaceutically acceptable carrier and an active ingre 
dient have an amino acid Sequence defined by a motif 
ZZZXZZZ where Z is either an aliphatic or polar aliphatic 
amino acid and X is any amino acid. 
One feature of the present invention is that the peptides 

identified using the method of the invention inhibit 
glycosaminoglycan-protein interactions by binding to the 
glycosaminoglycan rather than to the protein with which it 
interacts. 

Another feature of the peptides of the present invention is 
that they afford better inhibition of glycosaminoglycan 
mediated activity than larger, less specific glycosaminogly 
can inhibitorS Such as receptor antibodies, e.g. anti-CD44 
antibodies. 
An advantage of the peptide modulators of the present 

invention is that they are more specific than chemical 
inhibitors of glycosaminoglycans, e.g. tunimycin and H7. 

Another advantage of the peptide modulators of the 
invention is that they are significantly Smaller than other 
inhibitors of glycosaminoglycan-mediated activity, e.g. anti 
bodies or Soluble glycosaminoglycan. The Smaller Size of 
the peptide allows for better oral and topical formulations. 

Another advantage of the present invention is that the 
peptide inhibitors of the invention is that they are more cost 
effective to produce than presently available modulators of 
glycosaminoglycan-protein interactions, e.g. CD44 inhibi 
tors Such as anti-CD44 antibodies. 

These and other objects, advantages and features of the 
present invention will become apparent to those perSons 
skilled in the art upon reading the details of the presently 
described invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a bar graph illustrating the binding Specificity of 
each of the four isolated peptides and a random peptide (RP) 
to HA-coated beads. The asterisks indicate Statistically Sig 
nificant differences (p<0.01). 

FIG. 2 is a line graph illustrating the titration of Peptide 
1 with HA coated beads. 

FIG. 3 is a bar graph illustrating the relative binding of 
each isolated Peptide 1 to HA and CSA. Brackets indicate 
comparisons evaluated by the Students 2-tailed t-test. The 
asterisks indicate Statistically significant differences 
(p<0.01). 

FIG. 4 is a line graph depicting the inhibition of radiola 
beled Peptide 1 by unlabeled Peptide 1. Data shown are 
meaniSD (n=3) of ODIs. 
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FIG. 5 is a set of histograms illustrating binding of 
Peptides 1-4 to native HA molecule on endothelial cells. 
Closed histograms represent binding at 62 uM to SVEC 
10-40 endothelial cells. Open histograms represent cells 
incubated with biotinylated RP. 

FIG. 6 is a histogram illustrating binding of Peptide 1 to 
HAase-treated (closed histogram) and mock-treated endot 
helial cells. 

FIG. 7 is a line graph illustrating the ability of Peptide 1 
to inhibit HA binding. 

FIGS. 8a and 8b are histograms illustrating FITC-HA 
binding to BW5147 cells before or after pretreatment with 
either Peptide 1 or RP (500 ug/ml). 

FIG. 9 illustrates binding of Peptide 1 (closed circles) or 
RP (open circles) to BW5147 cells. The data shown are the 
MFI as measured by FACS. 

FIG. 10 is a line graph illustrating the binding of BW5147 
to the indicated concentrations of HA. 

FIG. 11 is a bar graph illustrating binding of BW5147 
cells to the HA-coated plates after pretreatment of the cells 
with 70 tug/ml of anti-CD44 mAb or control IgG, or after 
pretreatment of the substrate with Peptide 1 or PP. 

FIG. 12 is a line graph illustrating the binding of BW5147 
cells to HA-coated wells pretreated with the indicated con 
centrations of Peptide 1 (closed circles) or RP (open circles). 

FIG. 13 is a series of bar graphs illustrating the ability of 
Peptide 1 to inhibit binding of HA to murine splenic T cells, 
human peripheral blood T cells, or murine Langerhans cells. 

FIG. 14 is a bar graph showing the individual amino acids 
within the Peptide 1 sequence determined to be important by 
Ala Scanning mutagenesis. 

FIG. 15 illustrates the secondary structure of an HA 
tetrasaccharide. 

FIG. 16 is a bar graph illustrating the impact of Peptide 1 
on hapten-triggered LC migration. 

FIG. 17 is a line graph illustrating the concentration 
dependent effect of Peptide 1 on LC emigration. 

FIG. 18 is a bar graph illustrating the effect on LC density 
with administration of Peptide 1 at 1, 2 or 3 days before 
DNFB application. 

FIG. 19 is a set of bar graphs illustrating the ability of 
Peptide 1 to decrease ear Swelling following administration 
of DNFB. 

FIG.20 is a set of bar graphs illustrating ear thickness and 
leukocyte infiltration following administration of DNFB and 
Peptide 1. 

FIG. 21 is a Set of line graphs illustrating the prophylactic 
and therapeutic effects of Peptide 1 and RP with DNFB 
administration. 

FIG.22 is a bar graph illustrating the impact of Peptide 1 
on the Sensitization phase of contact hyperSensitivity 
responses using either DNFB or oxazolone (OX). 

FIG. 23 is a bar graph illustrating the differences in 
Sensitization between a first and Second challenge with 
administration of Peptide 1 or RP. 

FIG. 24 is a set of lines graphs illustrating the ability of 
both the L-isomer and the D-isomer of Peptide 1 to decrease 
ear Swelling in response to DNFB application. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

It is to be understood that this invention is not limited to 
the particular methodology, protocols, peptides, 
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6 
polysaccharides, constructs, and reagents described, as Such 
may, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to limit the 
scope of the present invention which will be limited only by 
the appended claims. 

It must be noted that as used herein and in the appended 
claims, the singular forms “a”, “and”, and “the” include 
plural referents unless the context clearly dictates otherwise. 
Thus, for example, reference to “a construct” includes a 
plurality of Such constructs and reference to “the peptide 
inhibitor” includes reference to one or more peptide inhibi 
tors and equivalents thereof known to those skilled in the art, 
and so forth. 

Unless defined otherwise, all technical and Scientific 
terms used herein have the same meaning as commonly 
understood to one of ordinary skill in the art to which this 
invention belongs. Although any methods, devices and 
materials similar or equivalent to those described herein can 
be used in the practice or testing of the invention, the 
preferred methods, devices and materials are now described. 

All publications mentioned herein are incorporated herein 
by reference for the purpose of describing and disclosing, for 
example, the glycosaminoglycans, constructs, and method 
ologies that are described in the publications which might be 
used in connection with the presently described invention. 
The publications discussed above and throughout the text 
are provided Solely for their disclosure prior to the filing date 
of the present application. Nothing herein is to be construed 
as an admission that the inventors are not entitled to antedate 
Such disclosure by virtue of prior invention. 
Definitions 
The terms “treatment”, “treating” and the like are used 

herein to generally mean obtaining a desired pharmacologic 
and/or physiologic effect. The effect may be prophylactic in 
terms of completely or partially preventing a disease or 
Symptom thereof and/or may be therapeutic in terms of a 
partial or complete cure for a disease and/or adverse effect 
attributable to the disease. In one embodiment, “treatment” 
as used herein covers any treatment of a disease in a 
mammal, particularly a human, and includes: 
(a) preventing the disease from occurring in a Subject which 
may be predisposed to the disease but has not yet been 
diagnosed as having it; 

(b) inhibiting the disease, i.e., arresting its development; or 
(c) relieving the disease, i.e., causing regression of the 

disease. The invention is directed toward treating patients 
for biological processes involving cell migration Such as 
inflammation and is particularly directed toward treating 
cancer cell metastasis. In another embodiment, the term 
“treatment' as used herein covers any use for inhibiting or 
enhancing a normal biological process, Such as oocyte 
fertilization. 
The term “amino acid” as used herein include the twenty 

naturally occurring amino acids, including both the 
L-isomeric and D-isomeric forms. The term also includes 
alternate amino acid residues, Such as hydroxyproline, 
C.-aminoisobutyric acid, Sarcosine, citrulline, cysteic acid, 
t-butylglycine, t-butylalanine, phenylglycine, 
cyclohexylalanine, 3-alanine, 4-aminobutyric acid, and So 
forth can also be included in the peptide Sequence in a 
completely analogous way. The D forms of the encoded 
amino acids and of alternate amino acids can, of course, also 
be employed. The manner of determining relative rate 
constants, of conducting Syntheses, and of conducting Selec 
tion and analysis is entirely analogous to that described 
below for the naturally occurring amino acids. Accordingly, 
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the results in terms of the number of rate constants required, 
the number of representative peptides in the mixture, etc., 
are also directly applicable to peptides which include as one, 
or more, or all residues, these nonencoded amino acids. 

The term "isolated” means the protein is removed from its 
natural Surroundings. However, Some of the components 
found with it may continue to be with an “isolated” protein. 
Thus, an "isolated protein' is not as it appears in nature but 
may be substantially less than 100% pure protein. 
The term “phage-display library” as used herein refers to 

a protein expression library, constructed in either a viral or 
non-viral expresses a collection of cloned protein Sequences 
Such as fusions with a phage coat protein. 

The term “glycosaminoglycan' as used herein refers to a 
macromolecule comprised of carbohydrate. The glycosami 
noglycans for use in the present invention may vary in size 
and be either Sulfated or non-Sulfated. The glycosaminogly 
cans which may be targeted using the inhibitors and methods 
of the invention include, but are not limited to, hyaluronic 
acid, the chondroitin Sulfates, keratan Sulfate, chitin and 
heparin. 

By “binds specifically' is meant high avidity and/or high 
affinity binding of a peptide to a Specific epitope, i.e., the 
epitope of a glycosaminoglycan. Peptide binding to an 
epitope on this specific polysaccharide is preferably Stronger 
than binding of the same peptide to any other epitope, 
particularly those which may be present in molecules in 
asSociation with, or in the Same Sample, as the Specific 
polysaccharide of interest, e.g., binds more Strongly to HA 
than to other cellular moieties. Peptides that bind specifi 
cally to a glycosaminoglycan of interest may be capable of 
binding other glycosaminoglycan at a weak, yet detectable, 
level (e.g., 10% or less of the binding shown to the polypep 
tide of interest). Such weak binding, or background binding, 
is readily discernible from the Specific peptide binding to the 
glycosaminoglycan of interest, e.g. by use of appropriate 
controls. In general, peptides of the invention bind to native 
HA with a binding affinity of 107 liters/mole or more, 
preferably 10 l/mole or more, even more preferably 10” 
l/mole or more, are said to bind specifically to HA. In 
general, a peptide with a binding affinity of 10 l/mole or less 
is not useful in that it will not bind an epitopes at a detectable 
level using conventional methodology currently used. 

By “substantially identical” is meant a polypeptide or 
nucleic acid exhibiting at least 50%, preferably 85%, more 
preferably 90%, and most preferably 95% homology to a 
reference amino acid or nucleic acid Sequence. For 
polypeptides, the length of comparison Sequences will gen 
erally be at least 10 amino acids, preferably at least 12 amino 
acids, more preferably at least 15 amino acids, and most 
preferably 35 amino acids. 

Sequence identity is typically measured using Sequence 
analysis Software (e.g., Sequence Analysis Software Pack 
age of the Genetics Computer Group, University of Wis 
consin Biotechnology Center, 1710 University Avenue, 
Madison, Wis. 53705). Such software matches similar 
Sequences by assigning degrees of homology to various 
Substitutions, deletions, Substitutions, and other modifica 
tions. Conservative Substitutions typically include Substitu 
tions within the following groups: glycine, alanine, Valine, 
isoleucine, leucine; aspartic acid, glutamic acid, asparagine, 
glutamine, Serine, threonine; lysine, arginine; and 
phenylalanine, tyrosine. 

The term “neutralized” as used herein refers to treatment 
of a glycosaminoglycan with an agent Such that it no longer 
is available for interaction with a binding partner, e.g. 
treatment of a glycosaminoglycan with a digestive enzyme. 
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8 
For example, HA may be neutralized by treatment with an 
effective amount of hyaluronidase HAase. 
Overview of the Invention 

Since glycosaminoglycans are nearly non-antigenic, it has 
been technically difficult to develop inhibitors or probes of 
glycosaminoglycans. The present invention utilized a modi 
fied phage display method to identify Small peptides that 
bind Selectively to glycosaminoglycans, e.g. for use as a 
molecular probes, and to identify peptides that block the 
function of glycosaminoglycans, e.g. for use as inhibitors. 
Specifically, the phage display Strategy of the present inven 
tion has been used to identify peptides that bind selectively 
to and inhibit the activity of HA. 
Many peptides Selected by conventional phage display 

protocols are known to bind non-Selectively to polystyrene 
surfaces. See Adey et al., Gene 156:27 (1995). The method 
of the present invention circumvents this non-specific bind 
ing by Selecting peptides that specifically bind to the gly 
cosaminoglycan of interest. The present method involves 
collection of only the clones released from the 
glycosaminoglycan-coated plates following treatment to 
neutralize the carbohydrate, allowing identification of pep 
tides that bind to the glycosaminoglycan Substrate, but not to 
the polystyrene Surfaces. Unbound carbohydrate moieties 
can be neutralized by any treatment known to one skilled in 
the art to interfere with carbohydrate binding and/or activity, 
including treatment of the plates with an excess of the same 
or a similar carbohydrate, treatment with a chelator that 
prevents binding to the carbohydrate, or preferably treat 
ment with an enzymatic or non-enzymatic compound that 
digests the unbound carbohydrate. The peptides that have 
been isolated using the method of the present invention 
directed against HA were all Specific, and none contained the 
moieties that are commonly found in the polystyrene 
binding peptide. 
Phage Display Protocol 

Peptides with the ability to bind to glycosaminoglycans 
can be identified and isolated using a phage display peptide 
library. Libraries for use in the method of the invention are 
comprised of peptide Sequences expressed as fusions with a 
coat protein of a bacteriophage. The fused protein is dis 
played on the protein coat of the virion, while the DNA 
encoding the fusion lies in the virion. Random peptide 
libraries can be used to Screen for peptides that bind to an 
epitope of interest by exposing the virion library to an 
immobilized “target glycosaminoglycan and isolating 
phage that Specifically bind to this glycosaminoglycan. 

Scott and Smith (1990) presented a method of defining 
peptide ligands by using randomly Synthesized peptide 
inserts in bacteriophage. Related methods were published by 
Cwirla et al. (1990) and by Devlin et al. (1990). Since that 
time a literature has arisen in which both the original 
hexapeptide inserts and larger inserts have been used in 
identifying epitopes recognized by binding entities. 
The average Size of the peptides in the phage display 

libraries may vary, but preferably the peptides are at least 
octapeptides (8-mers), more preferably at least decapeptides 
(10-mers), more preferably at least dodecapeptides (12 
mers). The libraries for use in the present invention will 
preferably have been constructed into a Fuse 5 vector (Scott 
and Smith 1990) by the insertion of a mixture of synthetic 
oligonucleotides, with the random peptides fused to the 
minor viral coat protein plII of the bacteriophage. Other 
Similar Systems may be utilized, as will become apparent to 
one skilled in the art upon reading this disclosure. 
Preferably, the complexity of the libraries used are at least 
10, more preferably at least 10, and even more preferably 
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at least 10. Exemplary phage displays include those 
described in Barbas et al., Proc. Natl. Acad. Sci. U.S.A. 
89:4457-4461 (1992) and Garrard et al., Gene 128:103–109 
(1993), both of which are incorporated herein by reference. 

The phage display protocol of the present invention can 
be modified to obtain new peptide moieties with improved 
HA-binding potential. For example, the incubation period in 
the panning procedure may be shortened to Select for phage 
clones with fast on-rates. Alternatively, if the initial panning 
procedure does not produce a peptide with Sufficient Sec 
ondary structure (e.g., random coil) that is usually required 
for efficient binding, a “cystine-constrained’ phage library 
may be utilized to identify new peptide moieties with 
“constrained' structure and improved binding. See e.g. S. E. 
Cwirla et al., Science, 276:1696 (1997), which is incorpo 
rated herein by reference. Biochemical characterization of 
Peptide 1 will also provide a platform from which one can 
design a Second Set of modified peptides with improved 
binding, Stability, and even penetration. 

The phage display technique of the invention can be 
performed in Solution or using a Solid Support. For example, 
if the carbohydrate to be bound is associated with an 
antibody, the assay may take place in Solution, and the 
carbohydrate-peptide complex purified using immunopre 
cipitation techniques. The technique can also be carried out 
using a Support Surface with associated carbohydrate, which 
result in the peptides which associate with the carbohydrate 
being immobilized on the Support Surface. The Support 
Surface for use in the phage display technique of the inven 
tion may be of any material known in the art, including 
flexible or rigid solid supports. By flexible is meant that the 
support is capable of being bent, folded or similarly manipu 
lated without breakage. Examples of Solid materials which 
are flexible Solid Supports with respect to the present inven 
tion include membranes, flexible plastic films, and the like. 
By rigid is meant that the Support is Solid and does not 
readily bend, i.e. the Support is not flexible. AS Such, the 
rigid Substrates of the method of the present invention are 
Sufficient to provide physical Support and structure to the 
phage clones present thereon under the assay conditions in 
which the array is employed, particularly under high 
throughput handling conditions. Furthermore, when the 
rigid Supports of the Subject invention are bent, they are 
prone to breakage. In a preferred embodiment, the Support is 
constructed from a rigid plastic, and more preferably the 
Support is constructed from polystyrene. 
Inhibition of HA Interaction with Other Molecules 

Several groups have identified CD44 as a receptor for HA 
(See, e.g., Aruffo et al., Cell, 61:1303 (1990); Lesley et al., 
Exp. Cell. Res., 187:224 (1990); Miyake et al., J. Exp. Med., 
172:69 (1990); Culty et al., J. Cell Biol., 111:2765 (1990)). 
CD44 is a family of cell-Surface glycoproteins generated by 
alternative splicing and post-translational modification Vari 
ous isoforms of CD44 are expressed by many cell types, 
Such as T cells and B cells, granulocytes, monocytes, 
macrophages, and DC, including LC. In 1996, HA-CD44 
interaction was reported to mediate rolling of leukocytes 
over endothelial cells, one of the numerous processes that 
take place in leukocyte homing (See, e.g., DeGrendele et al., 
J. Exp. Med., 111:2765 (1996); Clark et al., J. Cell Biol, 
134:1075 (1996)). HA-CD44 interaction is now known to 
mediate many physiological and pathological events, includ 
ing leukocyte homing, tumor metastasis, tissue 
development, hematopoiesis, cytokine production, T cell 
activation, and apoptosis. 
The peptides of the present invention can be used as 

pharmacological agents that either inhibit or enhance 
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10 
HA-CD44 interaction, and thus are useful to prevent and/or 
treat patients with diseases mediated by this interaction. 
Such peptides are useful in preventing contact hyperSensi 
tivity and delayed type hyperSensitivity reactions (See, e.g., 
Camp et al., J. Exp. Med., 178-497 (1993); Verdrenghet al., 
Scand. J. Immunol, 42:353 (1995)) and to inhibit tumor 
metastasis (See, e.g., Bartolazzi et al., J. Exp. Med., 180:53 
(1994); Guo et al., Cancer Res., 54:1561 (1994); Zahalka et 
al., J. Immunol., 154:5345 (1995)). Moreover, the peptides 
of the invention are useful as modulators of HA-CD44 
mediated responses Such as those documented in collagen 
induced autoimmune arthritis models (See, e.g., Verdrengh 
et al., Scand. J. Immunol., 42:353 (1995); Mikecz et al., Nat. 
Med., 1:558 (1995); Zeidler et al., Autoimmunity, 21:245 
(1995)). 

Isolated peptide inhibitors of HA can be used to prevent 
the induction of immune reactions in the Sensitization phase 
and to inhibit inflammatory reactions in the elicitation phase. 
This is based in part on the following observations: kerati 
nocytes express relatively large amounts of cell-Surface 
hyaluronan (HA), and the long-term Langerhans cell (LC) 
line XS106 exhibits significant rolling over HA-coated 
plates as well as over confluent keratinocyte monolayers 
under physiological flow conditions; XS106 cell rolling is 
blocked by soluble HA; and local injection of soluble HA 
into mouse Skin inhibits almost completely LC emigration 
that is triggered by topical application of DNFB (See, e.g., 
Mohamadzadeh et al., J. Invest. Dermatol., in press: 
(abstract) (1999)). The peptides isolated using the method of 
the invention are thus useful to inhibit a mechanism of DC 
migration, e.g. an interaction between HA(on keratinocytes) 
and CD44 (on activated LC). 
CD44 is only one of several receptors for HA, and HA is 

only one of several ligands of CD44. Other molecules, 
including but not limited to RHAMM, aggrecan, versican, 
link protein, the LEC HA receptor, hyaluronection, inter-C.- 
trypsin inhibitor-related proteins, BEHAB, CD38, CD54, 
and hyaluronidase (HAase), also bind HA (See, e.g., Kahn 
et al., J. Orthop. Res., 12:612 (1994); Knudson et al., FASEB 
J., 7:1233 (1993)). The peptides isolated may also potentiate 
or inhibit HA-mediated activity through these molecules, as 
will be apparent to one skilled in the art upon reading the 
present disclosure. 
Therapeutic Use of Isolated Peptides 
The isolated peptides of the invention can be used in a 

variety of applications including human and Veterinary 
therapies, either alone or in combination with other thera 
peutic agents. Administration of peptide inhibitors or 
enhancers may be advantageous over administration of other 
therapeutic agents due to their lower molecular weight, 
which can allow the peptide to enter cells more readily than 
the other, higher molecular weight therapeutics Such as 
antibodies. Thus peptide modulators of glycosaminoglycan 
activity will have better bioavailability than therapeutic 
agents having higher molecular weights. 

Peptides that inhibit HA activity can be used in the 
treatment of diseases associated with exceSS hyaluron, and/ 
or as an anti-cancer agent either alone or in combination 
with chemotherapeutic agents. Of particular interest is the 
administration of anti-HA peptides to patients Suffering from 
Stroke or a myocardial infarction (e.g., by infusion) (see, 
e.g., Maclean et al. 1976 Science 194: 199–200; Opie 1980 
Am Heart J. 100:531-52). Administration of peptide inhibi 
tors of HA to patients Suffering from myocardial infarction 
can facilitate a decrease in pressure upon myocardial tissues, 
prevent tissue necrosis, and relieve edema. Use of peptide 
inhibitors of HA activity in treatment of myocardial infarct 
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patients is advantageous over use of therapeutic agents Such 
as hyaluronidase (HAase) Since the peptide's activity is 
specific to HA and thus will not be inhibited by heparin. 
Heparin is often administered during heart attacks and is a 
very powerful inhibitor of HAase activity of other HAase 
containing this EGF motif. Because the peptide inhibitors of 
HA are not Subject to regulation by heparin, the clinician 
need not be concerned that co-administration of heparin with 
the anti-HA peptide. 

Peptides that inhibit HA activity can also be used in the 
treatment of edema associated with brain tumors, particu 
larly that associated with glioblastoma multiform. The 
edema associated with brain tumors results from the accu 
mulation of HA in the non-cancerous portions of the brain 
adjacent the tumor. Administration of the HA-specific pep 
tide inhibitor to the Sites of hyaluronan accumulation (e.g., 
by intravenous injection or via a shunt) can relieve the 
edema associated with Such malignancies by binding to and 
preventing activity of exceSS HA these sites. Thus, HA 
inhibitors can be Successful in the treatment of brain tumors 
not only in the reduction of the tumor mass and inhibition of 
tumor growth and/or metastasis, but it also is useful in 
relieving edema associated with the malignancy. 
Of particular interest is the use of HA-Specific peptide 

inhibitors in the treatment of cancer. Isolated anti-HA pep 
tides can be used as a chemotherapeutic agent (alone or in 
combination with other chemotherapeutics) in the treatment 
of any of a variety of cancers, particularly invasive tumors. 
For example, peptides of the invention can be used in the 
treatment of Small lung cell carcinoma, Squamous lung cell 
carcinoma, as well as cancers of the breast, ovaries or any 
other cancer associated with increased levels of HA. Anti 
HA peptides can also be used to increase the Sensitivity of 
tumors that are resistant to conventional chemotherapy. 

HA-Specific peptide inhibitors may also be used in the 
treatment, amelioration and/or prevention of infectious dis 
ease such as HIV infection. For example, HIV and other 
infectious organisms are known to bind to HA upon infec 
tion of cells. peptides of the invention can be used to inhibit 
this interaction or HA-mediated activity Stemming from 
interaction of HA with and infectious organism. 

Since HA is known to be involved in migration of cells 
Such as leukocytes, peptides that inhibit HA activity may 
also be useful in the treatment and/or prevention of inflam 
mation. For example, a patient with an autoimmune disease, 
e.g. lupus or rheumatoid arthritis, may be treated with a 
composition of the invention, either Systemically or locally, 
e.g. injection into a joint to decrease inflammation caused by 
arthritis. In addition, peptides of the invention may be useful 
to prevent autoimmune problems Stemming from procedures 
Such as bone marrow transplants, e.g. Suppression of graft 
Versus-host disease. 

The peptides of the invention may also be useful as a form 
of contraception, Since HA is known to mediate binding of 
the sperm to the oocyte. Peptides that inhibit HA may inhibit 
binding between the Sperm and the oocyte, Since Such 
binding requires HA-mediated binding, thus effectively pre 
vent fertilization, thus effectively preventing formation of 
the Zygote. 

In Some therapeutic applications of the peptide of the 
invention, it may be desirable to modify the peptides to 
provide one or more desirable characteristics. Various meth 
ods for increasing the half-life of a protein are well known 
in the art and include, for example, conjugation of the 
protein to polyethylene glycol moieties, i.e., PEGylation 
(see, for example, U.S. Pat. No. 4,179,337; U.S. Pat. No. 
5,166,322; U.S. Pat. No. 5,206,344; Nucci et al., Adv. Drug 
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Delivery Rev. 4:133-151 (1991); Zalipsky et al., “Polymeric 
Drugs and Drug Delivery Systems.” ACS (1991)) conjuga 
tion of the protein to dextran (Maksimenko, Bull. Exp. Biol. 
Med. (Russian) 52:567-569 (1986)), and deglycosylation of 
the protein by treatment with endoglycosidase F (Lace et al., 
Carbohydrate (1990)). 
When used in the therapeutic treatment of disease, an 

appropriate dosage of an anti-glycosaminoglycan, or mix 
ture thereof, may be determined by any of several well 
established methodologies. For instance, animal Studies are 
commonly used to determine the maximal tolerable dose, or 
MTD, of bioactive agent per kilogram weight. In general, at 
least one of the animal Species tested is mammalian. Those 
skilled in the art regularly extrapolate doses for efficacy and 
avoiding toxicity to other Species, including human. 
Additionally, therapeutic dosages may also be altered 
depending upon factorS Such as the Severity of infection, and 
the size or Species of the host. 
Where the therapeutic use of the presently described 

peptides is contemplated, the peptides are preferably admin 
istered in a pharmaceutically acceptable carrier, via oral, 
intranasal, rectal, topical, intraperitoneal, intravaginal, 
intravenous, intramuscular, Subcutaneous, intracranial, 
Subdermal, transdermal, intratracheal methods, or the like. 

Typically, but not necessarily, the preferred formulation 
for a given anti-glycosaminoglycan peptide is dependant on 
the location in a host where a given infectious organism 
would be expected to initially invade, or where a given 
infectious organism would be expected to colonize or con 
centrate. For example, topical infections are preferably 
treated or prevented by formulations designed for topical 
application. For example, in a preferred embodiment, the 
peptide is formulated in a water, ethanol, and propylene 
glycol base for topical administration. Alternately, where the 
targeted region of inflammation is internal, preparations of 
peptides may be provided by oral dosing. Additionally, 
pulmonary inflamation may be treated both parenterally and 
by direct application of suitably formulated forms of the 
peptides to the lung by inhalation therapy or intranasal 
administration. 

Preferably, animal hosts that may be treated using the 
peptides of the present invention include, but are not limited 
to, invertebrates, Vertebrates, birds, mammals. Such as pigs, 
goats, sheep, cows, dogs, cats, and particularly humans. 
Pharmaceutical Compositions and Delivery 
The presently described peptides may be formulated with 

a variety of physiological carrier molecules. The isolated 
peptides may also be complexed with molecules that 
enhance their ability to enter the target cells. Examples of 
Such molecules include, but are not limited to, 
carbohydrates, polyamines, amino acids, peptides, lipids, 
and molecules Vital to bacterial growth. For example, the 
peptides may be combined with a lipid, cationic lipid, or 
anionic lipid. The resulting peptide/lipid emulsion, or lipo 
Somal Suspension may, inter alia, effectively increase the in 
vivo half-life of the peptide. Examples of suitable anionic 
lipids for use with therapeutic peptides include, but are not 
limited to, cardiolipin, dimyristoyl, dipalmitoyl, or dioleoyl 
phosphatidylcholine or phosphatidylglycerol, palmitoylo 
leoyl phosphatidylcholine or phosphatidylglycerol, phos 
phatidic acid, lySophosphatidic acid, phosphatidyl Serine, 
phosphatidyl inositol, and anionic forms of cholesterol. The 
use of cationic, anionic, and/or neutral lipid compositions or 
liposomes is generally described in International Publica 
tions Nos. WO 90/14074, WO 91/16024, WO 91/17424, and 
U.S. Pat. No. 4,897,355, herein incorporated by reference. 
By assembling the glycoaminoglycan-modulating peptides 
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into lipid-associated Structures, the peptides may be targeted 
to Specific bacterial cell types by the incorporation of 
Suitable targeting agents (i.e., specific antibodies or 
receptors) into the peptide/lipid complex. 

Pharmaceutical compositions containing the peptides of 
the invention in admixture with a pharmaceutical carrier can 
be prepared according to conventional pharmaceutical com 
pounding techniques. The carrier may take a wide variety of 
forms depending on the form of the preparation desired for 
administration, e.g., intravenous, oral, topical, aerosol (for 
topical or pulmonary delivery), Suppository, parenteral, or 
Spinal injection. 

In preparing the compositions in oral dosage form, any of 
the usual pharmaceutical media may be employed, Such as, 
for example, water, glycols, oils, alcohols, flavoring agents, 
preservatives, coloring agents and the like in the case of oral 
liquid preparations (such as, for example, Suspensions, 
elixirs, and Solutions); or carriers Such as Starches, Sugars, 
diluents, granulating agents, lubricants, binders, disintegrat 
ing agents and the like in the case of oral Solid preparations 
(Such as, for example, powders, capsules and tablets). 
Because of their ease in administration, tablets and capsules 
represent the most advantageous oral dosage unit form, in 
which case Solid pharmaceutical carriers are obviously 
employed. If desired, tablets may be Sugar-coated and 
enteric-coated by Standard techniques. 

For parenteral application by injection, preparations may 
comprise an aqueous Solution of a water Soluble, or 
Solubilized, and pharmaceutically acceptable form of the 
peptide in an appropriate Saline Solution. Injectable Suspen 
Sions may also be prepared using appropriate liquid carriers, 
Suspending agents, agents for adjusting the isotonicity, pre 
Serving agents, and the like. Actual methods for preparing 
parenterally administrable compositions and adjustments 
necessary for administration to Subjects will be known or 
apparent to those skilled in the art and are described in more 
detail in, for example, Remington's Pharmaceutical Science, 
15th Ed., Mack Publishing Company, Easton, Pa. (1980), 
which is incorporated herein by reference. The presently 
described peptides should be parenterally administered at 
concentrations below the maximal tolerable dose (MTD) 
established for the particular peptide to be administered. 

For topical administration, the carrier may take a wide 
variety of forms depending on the preparation, which may 
be a cream, dressing, gel, lotion, ointment, or liquid. 

AeroSols can be prepared by dissolving or Suspending the 
isolated protein preparation in a propellant Such as ethyl 
alcohol or in propellant and Solvent phases. The pharma 
ceutical compositions for topical or aeroSol form will gen 
erally contain from about 0.01% by weight (of the peptide) 
to about 40% by weight, preferably about 0.02% to about 
10% by weight, and more preferably about 0.05% to about 
5% by weight depending on the particular form employed. 

Suppositories are prepared by mixing the peptide with a 
lipid vehicle Such as theobroma oil, cacao butter, glycerin, 
gelatin, or polyoxyethylene glycols. 

The presently described isolated peptides may be admin 
istered to the body by virtually any means used to administer 
conventional antibiotics. A variety of delivery Systems are 
well known in the art for delivering bioactive compounds to 
an animal. These Systems include, but are not limited to, 
intravenous or intramuscular or intra-tracheal injection, 
nasal Spray, aerosols for inhalation, and oral or Suppository 
administration. The Specific delivery System used depends 
on the location of the area to be treated, and it is well within 
the skill of one in the art to determine the location and to 
Select an appropriate delivery System. 
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Suitable examples of Sustained-release preparations 

include Semipermeable matrices of Solid hydrophobic poly 
mers containing the peptide, which matrices are in the form 
of shaped articles, e.g., films, or microcapsules. Examples of 
Sustained-release matrices include polyesters, hydrogels 
(e.g., poly(2-hydroxyethyl-methacrylate) as described by 
Langer et al. (1981) J. Biomed. Mater. Res. 15:167-277 and 
Langer (1982) Chem. Tech. 12:98-105, or poly(vinyl 
alcohol)), polylactides (U.S. Pat. No. 3,773.919, EP58,481), 
copolymers of L-glutamic acid and gamma ethyl-L- 
glutamate (Sidman et al. (1983) Biopolymers 22:547-556), 
non-degradable ethylene-Vinyl acetate (Langer et al. (1981) 
Supra) degradable lactic acid-glycolic acid copolymerS Such 
as the Lupron Depot" (injectable microspheres composed 
of lactic acid-glycolic acid copolymer and leuprolide 
acetate), and poly-D-(-)-3-hydroxybutyric acid (EP 133, 
988). 

Compositions inhibiting glycosaminoglycans activity 
also may be entrapped in microcapsules prepared, for 
example, by coacervation techniqueS or by interfacial poly 
merization (for example, hydroxymethylcellulose or gelatin 
micro capsules and poly-(methylmetha cylate 
microcapsules, respectively), in colloidal drug delivery Sys 
tems (for example, liposomes, albumin microspheres, 
microemulsions, nano-particles and nanocapsules), or in 
macroemulsions. Such techniques are disclosed in Reming 
ton's Pharmaceutical Sciences. Supra. 
While polymerS Such as ethylene-Vinyl acetate and lactic 

acid-glycolic acid enable release of molecules for over 100 
days, certain hydrogels release molecules for Shorter time 
periods. When encapsulated molecules remain in the body 
for a long time, they may denature or aggregate as a result 
of exposure to moisture at 37 C., resulting in a loss of 
biological activity and possible changes in immunogenicity. 
Rational Strategies can be devised for Stabilization depend 
ing on the mechanism involved, e.g., using appropriate 
additives, and developing specific polymer matrix compo 
Sitions. 

Sustained-release compositions also include liposomally 
entrapped peptides. Liposomes containing compositions of 
the invention are prepared by methods known per Se: DE 
3,218,121; Epstein et al. (1985) Proc. Natl. Acad. Sci. USA 
82:3688-3692; Hwang et al. (1980) Proc. Natl. Acad. Sci. 
USA 77:4030-4034; EP 52,322; EP 36,676; EP 88,046; EP 
143,949; EP 142,641; Japanese patent application 
83-118008; U.S. Pat. Nos. 4,485,045 and 4,544,545; and EP 
102,324. Ordinarily the liposomes are of the small (about 
200-800 Angstroms) unilamellar type in which the lipid 
content is greater than about 30 mol % cholesterol, the 
Selected proportion being adjusted for the optimal therapy. A 
Specific example of a Suitable Sustained-release formulation 
is in EP 647,449. 
An effective amount of composition to be employed 

therapeutically will depend, for example, upon the thera 
peutic objectives, the route of administration, and the con 
dition of the patient. Accordingly, it will be necessary for the 
clinician to titer the dosage and modify the route of admin 
istration as required to obtain the optimal therapeutic effect. 
A typical daily dosage of a molecule used alone might range 
from about 1 lug/kg to up to 100 mg/kg of patient body 
weight or more per day, depending on the factors mentioned 
above, preferably about 10 ug/kg/day to 50 mg/kg/day. 

Nucleotide Sequences, including antisense Sequences, can 
be therapeutically administered by various techniques 
known to those skilled in the art. Delivery of nucleotide 
Sequences encoding modulators of carbohydrate activity can 
be achieved using free polynucleotide or a recombinant 
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expression vector Such as a chimeric virus or a colloidal 
dispersion System. Especially preferred for therapeutic 
delivery of nucleotide Sequences is the use of targeted 
liposomes. 

Targeting of the therapeutic reagent to specific tissues is 
desirable to increase the efficiency of delivery. The targeting 
can be achieved by passive mechanisms via the route of 
administration. Active targeting to Specific tissues can also 
be employed. The use of liposomes, colloidal Suspensions, 
and viral vectors allows targeting to specific tissues by 
changing the composition of the formulation containing the 
therapeutic reagent, for example, by including molecules 
that act as receptors for components of the target tissues. 
Examples include Sugars, glycoplipids, polynucleotides, or 
proteins. These molecules can be included with the thera 
peutic reagent. Alternatively, these molecules can be 
included by indirect methods, for example, by inclusion of 
a polynucleotide that encodes the molecule, or by use of 
packaging Systems that provide targeting molecules. Those 
skilled in the art will know, or will ascertain with the use of 
the teaching provided herein, which molecules and proce 
dures will be useful for delivery of the therapeutic reagent to 
Specific tissues. 
Cosmetic Use of Isolated Peptides 
The isolated peptides of the invention may be used in 

cosmetic products Such as lotions, creams, topical Solutions. 
For example, the peptides of the invention may be used in 
topical lotions as an antiinflamatory agent to reduce epider 
mal Swelling. Thus, the peptides of the invention may be 
used with any known cosmetic preparation where Such a use 
may be beneficial, including but not limited to lotions, 
foundations, creams, gels, Soaps and the like. The peptides 
are present in an amount Sufficient to have an antibacterial 
effect, and preferably between 0.25 wt % and 10.0 wt %, 
more preferably between 0.5 wt % and 5.0 wt %. 
The cosmetic composition of the invention may contain 

any of a number of additives that are themselves active 
ingredients, Such as a glycolic or alpha-hydroxy acids, 
Vitamin A palmitate (retinyl palmitate) and/or Vitamin E 
acetate (tocopheryl acetate). Each of these is preferably 
present in an amount from about 0.5 wt.% to about 5 wt %. 
In addition, a UV absorbing or blocking material, Such as 
PABA, may be used. 

Other compounds may also be added to have additional 
moisturizing effects and to improve the consistency of the 
composition. Examples of Such compounds include, but are 
not limited to: certyl esters wax, Stearyl alcohol, cetyl 
alcohol, glycerin, methyl paraben, propyl paraben, 
quatemium-15, humectants, Volatile methylsiloxane fluids, 
and polydiorganosiloxane-polyoxyalkylene. See, e.g., U.S. 
Pat. Nos. 5,153,230 and 4,421,769, which are both incor 
porated herein by reference. If it is desirable for the com 
position to have additional cleaning effects, chemicals. Such 
as Sodium laurel Sulfate or a metal Salt of a carboxylic acid 
may be added. 
A wide variety of nonvolatile emollients are useful herein, 

nonlimiting examples of which are listed in McCutcheons, 
Vol.2 Functional Materials, North American Edition, 
(1992), pp. 137-168, which is incorporated herein by ref 
erence in its entirety, and CTFA Cosmetic Ingredient 
Handbook, Second Edition (1992) which lists Skin 
Conditioning Agents at pp. 572-575 and Skin Protectants at 
p. 580, which is also incorporated herein by reference in its 
entirety. 
Among the nonvolatile emollient materials useful herein 

especially preferred are Silicones, hydrocarbons, esters and 
mixtures thereof. 
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Examples of Silic one e mollients include 

polyalkylsiloxanes, cyclic polyalkylsiloxanes, and polyalky 
larylsiloxanes. The polyalkylsiloxanes useful herein include, 
for example, polyalkylsiloxanes with Viscosities of from 
about 0.5 to about 100,000 centistokes at 25 C. Such 
polyalkylsiloxanes correspond to the general chemical for 
mula RSiORSiOSiR wherein R is an alkyl group 
(preferably R is methyl or ethyl, more preferably methyl) 
and X is an integer from 0 to about 500, chosen to achieve 
the desired molecular weight. Commercially available poly 
alkylsiloxanes include the polydimethylsiloxanes, which are 
also known as dimethicones, nonlimiting examples of which 
include the Vicasil(R) series sold by General Electric Com 
pany and the Dow Corning(R) 200 series sold by Dow 
Corning Corporation. Specific examples of polydimethylsi 
loxanes useful as emollients herein include Dow Corning(R) 
200 fluid having a viscosity of 0.65 centistokes and a boiling 
point of 100 C., Dow Corning(R) 225 fluid having a viscosity 
of 10 centistokes and a boiling point greater than 200 C., 
and Dow Corning(R) 200 fluids having viscosities of 50, 350, 
and 12,500 centistokes, respectively, and boiling points 
greater than 200 C. Cyclic polyalkylsiloxanes useful herein 
include those corresponding to the general chemical formula 
SiRO), wherein R is an alkyl group (preferably R is 
methyl or ethyl, more preferably methyl) and n is an integer 
from about 3 to about 8, more preferably n is an integer from 
about 3 to about 7, and most preferably n is an integer from 
about 4 to about 6. When R is methyl, these materials are 
typically referred to as cyclomethicones. Commercially 
available cyclomethicones include Dow Corning(R 244 fluid 
having a Viscosity of 2.5 centistokes and a boiling point of 
172 C., which primarily contains the cyclomethicone tet 
ramer (i.e., n=4), Dow CorningE 344 fluid having a Viscos 
ity of 2.5 centistokes and a boiling point of 178 C., which 
primarily contains the cyclomethicone pentamer (i.e., n=5), 
Dow Corning(R 245 fluid having a viscosity of 4.2 centis 
tokes and a boiling point of 205 C., which primarily 
contains a mixture of the cyclomethicone tetramer and 
pentamer (i.e., n=4 and 5), and Dow Corning(R 345 fluid 
having a Viscosity of 4.5 centistokes and a boiling point of 
217 C., which primarily contains a mixture of the cyclom 
ethicone tetramer, pentamer, and hexamer (i.e. n=4, 5, and 
6). Also useful are materials Such as trimethylsiloxysilicate, 
which is a polymeric material corresponding to the general 
chemical formula (CH2)SiO2l SiO2), wherein X is an 
integer from about 1 to about 500 and y is an integer from 
about 1 to about 500. A commercially available trimethyl 
Siloxysilicate is Sold as a mixture with dimethicone as Dow 
Corning(R) 593 fluid. Also useful herein are dimethiconols, 
which are hydroxy terminated dimethyl silicones. These 
materials can be represented by the general chemical for 
mulas RSiORSiOSiROH and HORSiORSiO 
SiR-OH wherein R is an alkyl group (preferably R is 
methyl or ethyl, more preferably methyl) and X is an integer 
from 0 to about 500, chosen to achieve the desired molecular 
weight. Commercially available dimethiconols are typically 
Sold as mixtures with dimethicone or cyclomethicone (e.g., 
Dow Corning(R) 1401, 1402, and 1403 fluids). Also useful 
herein are polyalkylaryl Siloxanes, with polymethylphenyl 
siloxanes having viscosities from about 15 to about 65 
centistokes at 25 C. being preferred. These materials are 
available, for example, as SF 1075 methylphenyl fluid (sold 
by General Electric Company) and 556 Cosmetic Grade 
phenyl trimethicone fluid (sold by Dow Corning 
Corporation). 

Hydrocarbons useful herein include straight and branched 
chain hydrocarbons having from about 10 to about 30 
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carbon atoms, more preferably from about 12 to about 24 
carbon atoms, and most preferably from about 16 to about 
22 carbon atoms. Nonlimiting examples of these hydrocar 
bon materials include dodecane, Squalane, cholesterol, 5 
hydrogenated polyisobutylene, docosane (i.e., a C 
hydrocarbon), hexadecane, isohexadecane (a commercially 
available hydrocarbon sold as Pernethyl(R) 101A by 
Presperse, South Plainsfield, N.J.). Other hydrocarbon mate 
rials useful herein include paraffins and mineral oils. Such as 
USP light mineral oil (e.g., Klearol(R) available from Witco 
Corp., Melrose Park, Ill.) and USP heavy mineral oil (e.g., 
Klearol(R) available from Witco Corp., Melrose Park, Ill.). 

Also useful as nonvolatile emollients are esters, including 
esters of monofunctional and difunctional fatty acids that 
have been esterified with alcohols and polyols (i.e., alcohols 
having two or more hydroxy groups). A wide variety of 
esters are useful herein, with long chain esters of long chain 
fatty acids being preferred (i.e., C10-40 fatty acids esterified 
with C10-40 fatty alcohols). Nonlimiting examples of esters 
useful herein include those Selected from the group consist 
ing of diisopropyl adipate, isopropyl myristate, isopropyl 
palmitate, myristyl propionate, ethylene glycol distearate, 
2-ethylhexyl palmitate, isodecyl neopentanoate Cls alco 
hols benzoate, di-2-ethylhexyl maleate, cetyl palmitate, 
myristyl myristate, Stearyl Stearate, cetyl Stearate, behenyl 
behenrate, and mixtures thereof. 

EXAMPLES 

The following examples are put forth So as to provide 
those of ordinary skill in the art with a complete disclosure 
and description of how to make and use the Subject 
invention, and are not intended to limit the Scope of what is 
regarded as the invention. Efforts have been made to ensure 
accuracy with respect to the numbers used (e.g. amounts, 
temperature, concentrations, etc.) but Some experimental 
errors and deviations should be allowed for. Unless other 
wise indicated, parts are parts by weight, molecular weight 
is average molecular weight, temperature is in degrees 
centigrade; and pressure is at or near atmospheric. 

Example 1 

Isolation of HA-Specific Peptides 
A phage library was constructed consisting of random 

12-mer peptides fused to a minor coat protein (pl) of the 
M13 phage. The estimated complexity of the library was 
determined to be about 10°. Phage clones (10' pfu) were 
then incubated on polystyrene tissue culture plates that had 
been coated with HA and counter-coated with BSA. 

The 35 mm tissue culture plates were coated overnight at 
4° C. with 2.5 mg/ml HA in PBS and then washed three 
times with PBS (2 min/wash). To block the non-specific 
binding Sites, the plate was then counter-coated with 1% 
heat-denatured BSA in PBS for 30 min at room temperature. 
After three additional washes with PBS, the phage (10'pfu) 
suspended in PBS was added to the HA-coated/BSA-counter 
coated plate. After 60 min incubation at room temperature, 
the unbound phage clones were removed by extensive wash; 
10 times with PBS alone and 10 additional times with 0.1% 
Tween20 in PBS for 30 seconds each wash. The plates were 
then treated for 60 minutes at 37° C. with 30 units/ml of 
hyaluronidase (derived from bovine testis) in Sodium phos 
phate (pH 6.0) with 0.1% BSA. This effectively eluted only 
those phage clones that had bound Specifically to the HA 
Substrate and not to polystyrene Surfaces or BSA. 

The phage clones that had been released by this treatment 
were collected with a pipette and amplified for the next 
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round of panning. Phage clones were expanded in E. coli and 
incubated on tissue culture plates that had been coated with 
chondroitin Sulfate (CSA), a control glycosaminoglycan 
which also binds to CD44. Clones that did not bind to the 
CSA Substrate were Subjected to a Second cycle of Selection 
on the HA substrate. The efficacy of the procedure is 
dependent in large part of the HAase treatment at the elution 
Step. 

After four cycles of Selection, 19 independent phage 
clones that had bound to the HA Substrate were isolated and 
Sequenced. 13 of the 19 clones expressed an identical 
peptide motif of GAHWOFNALTVR (designated Peptide 1; 
SEQ ID NO:1). Two motifs were identified (Peptides 2 and 
3; SEQID NO:2 and SEQ ID NO:3) that were expressed by 
multiple phage clones and two (Peptides 4 and 5; SEQ ID 
NO:4 and SEQ ID NO:5) that were expressed by single 
clones. In Sum, despite a theoretical complexity of 10, the 
majority (13/19) of phage clones Selected an identical pep 
tide motif (i.e., Peptide 1). 
None of the isolated peptides contained "diagnostic' 

Sequences that are commonly found in peptides that bind 
non-specifically to the polystyrene Surface. In addition, none 
of the identified peptides showed significant (>25%) 
Sequence identities to the known HA-binding domain 
sequences of CD44, RHAMM, and link protein. B. Yang et 
al., EMBO J. 13:286 (1994). Although a consensus motif 
conserved among the aforementioned three HA receptors 
B(X)7B, where B represents a basic amino acid residue and 
X represents any non-acidic amino acid residue-was 
detected in Peptides 1, 3, and 4, it appeared that this motif 
was not a factor in the ability of these peptides to bind to 
HA. The residues that were apparently critical for binding 
were aliphatic or polar aliphatic residues at positions 4, 5 
and 6 and again at 9, 10 and 11, thus defining a peptide 
binding motif of ZZZXZZZ from residues 4-11 of the 
peptide. In contrast, amino acids at positions 3, 7 and 12 
appear to be dispensable, and position 1 appears to be leSS 
important than the other 6. 

Example 2 

Binding Efficacy of the Isolated HA-Specific 
Peptides 

Each of the four isolated HA-binding peptides (Peptides 
1 through 4) and a "random' control peptide (Selected from 
phage clones which failed to bind to HA) were synthesized 
to examine their Specificity to HA. The random peptide 
sequence was SATPASAPYPLAGGGS (SEQ ID NO:6). 
The peptides tested also had a Spacer Sequence of GGGS at 
the carboxy terminus of the peptide. 

Phage clones expressing each of the HA-binding peptides 
were incubated of two hours on HA-coated polystyrene 
plates. After extensive Washing, phage that were still bound 
to the HA substrate were eluted by HAase treatment and the 
isolated phage were titrated to determine the extent of each 
peptide's binding to HA. Peptide 1 showed the most sig 
nificant binding to both HA-coated plates and native HA 
molecules expressed on keratinocytes. 

Each of the indicated 12-mer peptides was labeled with 
'I and tested at 50 ug/ml for the binding to HA-coated 
beads. The peptides were radiolabeld at the N-terminus 
using the Bolton-Hunter reagent and incubated for 2 hours 
at 4 C. Following incubation, the beads were washed three 
times and the levels of binding detected. Again, Peptide 1 
was found to display Specific binding to the HA-coated 
beads (FIG. 1). 
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'I-labeled Peptide 1 was then tested at different con 
centrations for the binding to HA-coated beads. The specific 
binding of the peptide to the beads was shown to increase 
with the concentration of peptide used (FIG. 2). The speci 
ficity of Peptide 1 for HA, rather than for any 
glycosaminoglycan, was determined by incubating the I 
labeled Peptide 1 with HA-coated or CSA-coated beads in 
the presence or absence of HAase pretreatment. Peptide 1 
showed a much lower level of binding to CSA, both with and 
without HAase pretreatment (FIG. 3). Levels of binding 
were in fact the same between the HAase treated CSA coated 
beads and the untreated CSA beads. Binding of Peptide 1 to 
the HA coated beads was significantly increased over the HA 
coated beads pretreated with HAase, indicating that the 
presence of intact HA is necessary for the Specific binding. 

Unlabeled Peptide 1 was tested for its ability to inhibit 
binding of 'I-labeled Peptide 1. HA-coated beads were 
first incubated with the indicated concentrations of non 
labeled Peptide 1 (0 to 1780 uM). One hour later, 'I- 
labeled Peptide 1 (50 ug/ml) was added to the beads and 
tested for binding. The non-labeled Peptide 1 effectively 
inhibited the ability of the labeled peptide in a 
concentration-dependent manner (FIG. 4). 

Example 3 

Binding of Peptide 1 to Native HA Molecule on 
Endothelial Cells 

Biotinylated Peptide 1 through Peptide 4 were tested at 62 
luM for the binding to SVEC 10-40 endothelial cells. As a 
control, cells were incubated with biotinylated RP. After 
Washing to remove unbound peptides, the cells were incu 
bated with streptavidin-FITC and subjected to FACS analy 
ses (FIG. 5). Peptide 1 displayed a much higher affinity to 
the endothelial cells than either RP or Peptides 2-4. 
SVEC cells were then treated with hyaluronidase (330 

U/ml) or mock-treated (open histogram with broken lines) 
prior to incubation with biotinylated Peptide 1 (62 uM) or 
biotinylated RP. The binding efficiency of Peptide 1 was 
dramatically reduced in the HAase treated cells as compared 
to both the mock treated cells (FIG. 6). 

Example 4 

Inhibition of Soluble HA Binding to Leukocyte 
Surfaces by Peptide 1 

To examine the competitive binding ability of Peptide 1, 
various concentrations of FITC-conjugated HA were incu 
bated at the indicated concentrations with BW5147 thy 
moma cells as shown in FIG. 7. Cells were incubated with 
Peptide 1 for one hour on ice. After incubation, cells were 
washed three times with Dulbecco's PBS (Sigma) with 5% 
fetal calf serum to remove the unbound FITC-conjugated 
HA. The cells were then analyzed by FACS to determine 
mean fluorescent intensities (MFI). Data were plotted lin 
early and evaluated with a hyperbolic fit. Saturation was 
determined to be at 1.40 ug/ml and Saturation was at 279.40 
pg/ml. 

FITC-labeled HA was tested for the binding to BW5147 
cells either before (FIG. 8, open histogram) or following 
(FIG. 8, shaded histogram) pretreatment with Peptide 1. 1 
ug/ml FITC-HA was incubated with BW5147 cells and 
either Peptide 1 (FIG. 8a) or RP (FIG. 8b), both at 500 
tug/ml. Hisotgrams with broken lines represent the level of 
autofluorescence after incubation with PBS alone. Binding 
of HA to cells pretreated with Peptide 1 decreased signifi 
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cantly compared to cells treated with Peptide 1 following 
HA binding (FIG. 8a). In contrast, cells treated with RP 
showed no difference between pretreatment and treatment 
following HA binding (FIG. 8b). 
The ability of Peptide 1 or RP to inhibit subsequent HA 

binding to BW5147 cells was also tested with different 
concentrations of Peptide 1 (FIG. 9). The cells treated with 
RP showed no difference in HA binding with increased RP 
binding, whereas treatment with Peptide 1 caused a decrease 
in HA binding in a concentration-dependent manner. 

Example 5 

Inhibition of CD44-Dependent Leukocyte Adhesion 
to HA-Coated Substrates Using Peptide 1 

Peptide 1 was then tested for its ability to block CD44 
dependent leukocyte adhesion of BW5147 cells to 
HA-coated substrates. S-labeled BW5147 cells were incu 
bated for 30 min at room temperature in culture wells that 
had been coated with various concentrations of HA (See 
FIG. 10). After three washes in Dulbecco's PBS (Sigma) to 
remove unbound cells, the bound cells were lysed in 1% 
SDS and the radioactivity of each well measured to deter 
mine the number of cells adhered to each well. The data 
shown in FIG. 10 are the means-ES.d. of % binding from 
triplicate Samples. The amount of radioactivity detected 
increased with the increase in HA concentration. 

Binding of S-labeled BW5147 cells to the HA-coated 
wells (0.1 ug/ml) was then tested after pretreatment of the 
cells with 1) 70 ug/ml of anti-CD44 mAb (KM81) or control 
IgG, or 2) after pretreatment of the Substrate with Peptide 1 
or RP, each at 250 lug/ml (FIG. 11). The cells incubated with 
either the CD-44 antibody or with Peptide 1 displayed 
reduced binding compared to the IgG and RP controls, 
respectively. 

Murine splenic T cells, human peripheral blood T cells, or 
murine Langerhans cell line XS106 were labeled with S 
and tested for the adhesion to the HA-coated plates in the 
presence or absence of the indicated pretreatment (FIG. 13). 
AS shown, cells pretreated with Peptide 1 displayed a 
Significantly decreased level of binding in all three cell 
types. All the data in each panel represent at least two 
independent experiments, showing the meansitS.d. of % 
binding from triplicate Samples. Brackets indicate groups 
compared by the Students 2-tailed t-test. All comparisons 
were by the students 2-tailed t-test relative to cellular 
adhesion with no inhibitor. 

Example 6 

Determination of Residues Involved in HA Binding 
To determine the residues critical for Peptide 1 binding to 

HA, individual amino acids within the Peptide 1 sequence 
were replaced with Alanine by Scanning mutagenesis. Wild 
type Peptide 1 or each of the Alanine mutants of Peptide 1 
were tested at 250 lug/ml for the impact on the adhesion of 
S-labeled BW5147 cells on HA-coated wells (FIG. 14). 

Results from Ala Scanning mutagenesis indicate that polar 
aliphatic and non-polar residues are required for Peptide 1 
binding to HA. All the data in each panel represent at least 
two independent experiments, showing the meansitS.d. of % 
binding from triplicate Samples. Brackets indicate groups 
compared by the Students 2-tailed t-test. All comparisons 
were by the students 2-tailed t-test relative to cellular 
adhesion with no inhibitor. Interestingly, one face of the HA 
molecule is relatively non-polar (as indicated by the num 
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bered -CH groups) while the other face is relatively polar 
(FIG. 14). Therefore, Peptide 1 may interact with polar and 
non-polar faces of HA. 

Example 7 
Impact of Peptide 1 on Hapten-Triggered 

Langerhans Cell Migration 
It had been previously observed that local injection of 

Soluble HA into mouse skin inhibits hapten-triggered emi 
gration of Langerhans cell (LC) from the epidermis 
(Mohamadzadeh et al., J. Invest. Dermatol., in press: 
(abstract) (1999)). Thus, it was of particular interest to 
determine whether Peptide 1 would block LC migration. 

Peptide 1 was shown to inhibit the biological function of 
HA in its role of mediating the migration of Langerhans 
cells. BALB/c mice (5 mice/group) received two Subcuta 
neous injections (40 ul/injection) of the indicated peptide 
preparation (1 mg/ml in 2% DMSO) Five mice were injected 
per group, and each Set of mice received two injections into 
both ears, one 24 hours before and one 1 hour before topical 
application of 0.5% 1-fluoro-2,4-dinitrobenzene (DNFB, 
Sigma Chem. Corp.) The DNFB was applied to the right ear 
of each mouse, and the vehicle carrier, which is comprised 
of olive oil and acetone was applied to the left ear as a 
negative control. 

Mice were sacrificed 24 hours after DNFB application, 
and the ear skin Samples were harvested. Epidermal sheets 
were prepared from each ear skin Sample, Stained with 
FITC-conjugated anti-Ia monoclonal antibody, and exam 
ined for the number of LC (FIG. 16). In the PBS-injected 
control groups, DNFB application reduced the number of 
LC Substantially and caused morphological changes com 
pared to the PBS control group without DNFB application. 
In contrast, DNFB application in the Peptide 1-injected 
Subjects induced morphological changes without signifi 
cantly affecting the number of LC. 

These observations were confirmed by counting the num 
ber of Ia-positive LC using fluorescence microscopy. AS 
shown in FIG. 16, DNFB painting in untreated mice induced 
a 50% reduction in Surface LC densities. Injection of Peptide 
1 and soluble HA almost completely inhibited the DNFB 
mediated LC reduction, whereas neither caused an effect in 
the untreated mice. 

Histological examination of ear Specimens harvested 
from these animals revealed that the extent of DNFB 
induced leukocyte infiltration was markedly diminished in 
the Peptide 1-injected sites. Importantly, Peptide 1 inhibited 
the skin-directed migration of both neutrophils and T cells, 
with the implication that Peptide 1 can be used to block the 
emigration of tissue-resident leukocytes (e.g. LC in skin) as 
well as the immigration of inflammatory leukocytes into the 
inflamed tissue. These results Suggest that the HA-inhibitors 
can be used to inhibit cutaneous immune reactions in the 
elicitation phase. 

To determine the effect of Peptide 1 on LC emigration, a 
set of 5 BALB/c mice received a single 40 ul Subcutaneous 
injection of Peptide 1 at various concentrations 24 hr before 
DNFB application. The percent of LC emigration decreased 
dramatically with an increased concentration of Peptide 1, as 
can be seen in FIG. 17). The data shown in FIG. 17 are the 
Surface densities of epidermal Langerhans cells as deter 
mined at 24 hr after DNFB painting. Data shown are the 
meansitS.e.m. from 5 Samples, and Statistically significant 
differences compared to the control group receiving no 
Peptide 1 are indicated with asterisks (p<0.05; **p<0.01) 
as evaluated by the Students 2-tailed t-test. 
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Peptide 1 (40 ug/ear) was injected then injected Subcuta 

neously into both ears of BALB/c mice at 3, 2, or 1 days 
before topical application of 0.5% DNFB (left ears) or 
vehicle alone (right ears). Twenty-four hours after DNFB 
painting, mice were Sacrificed and examined for Langerhans 
cell densities (FIG. 18). The mice having Peptide 1 injected 
3 days before DNFB application displayed a decreased LC 
density. 

Data shown are the means-Es.e.m. from 5 samples. DNFB 
treated ears were compared by ANOVA and statistically 
Significant differences are indicated with asterisks 
(**p-0.01). 

This result Supports the hypothesis that HA expressed on 
epidermal keratinocytes Serves as a physiological ligand of 
CD44 expressed on activated LC, thereby mediating LC 
emigration from the epidermis. Peptide 1 appears to block 
the HA ligand, as shown in the LC emigration and density 
Studies. 

Example 8 
Impact of Peptide 1 on the Expression of Contact 

HyperSensitivity Responses 
AS an initial Step in testing the “therapeutic potential of 

our peptide inhibitors, ear Swelling responses to DNFB (in 
Sensitized animals) were examined. 
BALB/c mice were Sensitized by topical application of 

0.5% DNFB onto shaved abdominal skin and challenged 5 
days later by application of 0.2% DNFB onto right ears. Left 
ears were painted with vehicle alone. Five mice of each 
group received Subcutaneous injections (40 ul/injection) of 
Peptide 1 or 2, random control Peptide (500 uM), or soluble 
HA (1 mg/ml) into both ears 24 and 1 hour prior to 
challenge. Swelling was measured 48 hours after challenge. 

Ear Swelling responses were inhibited Significantly by 
injection of Peptide 1 (or soluble HA). See FIG. 19. No 
inhibitory activity was observed with Peptide 2, random 
peptide control, or PBS alone. Swelling was measured as the 
change in thickness between the left and right ears. Values 
were compared by ANOVA. Asterisks indicate statistically 
significant differences (**p<0.01). 

Histological Samples harvested from the above experi 
ments were Submitted for H&E staining and examined by a 
third individual for the ear thickness and the number of 
skin-infiltrating leukocytes under a microScope. The mice 
treated with Peptide 1 displayed a significantly decreased ear 
thickness and a much lower rate of leukocyte infiltration 
than did the mice treated with Peptide 2, RP or PBS (FIG. 
20). Brackets indicate groups compared by the students 
2-tailed t-test (**p<0.01). 
The difference in prophylactic and therapeutic response of 

the mice to DNFB with Peptide 1 or RP was also measured. 
BALB/c mice were painted on both ears with 0.5% DNFB 
on day 0 and with 0.2% DNFB on days 2, 4, and 6 (FIG. 21, 
as indicated by open arrows). Peptide 1 (closed circles) or 
RP(open circles) was injected Subcutaneously in the left and 
right ears, respectively, at Specific indicated time points. AS 
can be seen in FIG. 21, mice treated with Peptide 1 displayed 
a significant decrease in the Swelling response compared to 
mice treated with RP in the experiments simulating prophy 
lactic and therapeutic uses. 
The data shown are representative of two independent 

experiments, showing the meansitS.e.m. of ear Swelling 
responses (compared to the baseline thickness before DNFB 
application). Statistically significant difference between the 
Peptide 1 group and the RP group are shown with asterisks 
(p<0.05; **p-0.01). 
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Example 9 

Impact of Peptide 1 on the Sensitization Phase of 
Contact HyperSensitivity Responses 

The activity of Peptide 1 in the sensitization phase of 
contact hyperSensitivity was examined. 
BALB/c mice (10 mice/group) received Subcutaneous 

injections of either Peptide 1 or RP (40 tug/ear/injection) 24 
hr and 1 hr before sensitization on the left ear. The same 
mice were Subsequently Sensitized by topical application of 
0.5% DNFB and 1.25% oxazolone (OX) on the indicated 
skin Sites, either on the left ear or on Shaved abdominal skin. 
The mice were challenged 7 days later on the right ear with 
0.2% DNFB or 0.5% OX as indicated, and ear swelling 
measured (FIG.22). The sensitization of either DNFB or OX 
on the trunk appeared to have little effect on the level of 
Sensitivity of the mice to a challenge on the ear. The 
Sensitization of the ear, however, decreased ear Swelling 
following a subsequent challenge for both DNFB and OX. 
Thus, the use of Peptide 1 appears to decrease Sensitivity to 
challenge in a localized manner. 

The mice that had received Peptide 1 or RP injections and 
DNFB sensitization on the left ears were re-sensitized by 
topical application of 0.5% DNFB on the trunk on day 7, and 
re-challenged with 0.2% DNFB on day 14. Peptide 1 dis 
played a Significantly decreased ear thickneSS compared to 
the RP treated mice on the first sensitization, but on the 
Second challenge displayed similar levels of increased thick 
ness (FIG. 23). Thus, the application of Peptide 1 with the 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 10 

<21 Oc 
<211 
<212> 
<213> 
<22O > 

SEQ ID NO 1 
LENGTH 12 
TYPE PRT 

ORGANISM: Artificial Sequence 
FEATURE 

OTHER INFORMATION: synthetic peptide 

<400 SEQUENCE: 1 

Gly Ala His Trp Glin Phe Asn Ala Leu Thr Val Arg 
1 5 10 

SEQ ID NO 2 
LENGTH 12 
TYPE PRT 

ORGANISM: Artificial Sequence 
FEATURE 

OTHER INFORMATION: synthetic peptide 

<400 SEQUENCE: 2 

Thir Ser Tyr Gly Arg Pro Ala Leu Lleu Pro Ala Ala 
1 5 10 

SEQ ID NO 3 
LENGTH 11 

TYPE PRT 

ORGANISM: Artificial Sequence 
FEATURE 

OTHER INFORMATION: synthetic peptide 

5 

15 

25 

24 
DNFB displayed decreased thickness in the first 
Sensitization, and also resulted in the same Sensitization with 
a subsequent challenge of DNFB alone. 

Brackets indicate groups compared by the Students 
2-tailed t-test. Statistically significant differences are indi 
cated with asterisks (p<0.05; **p-0.01). 

Example 10 

Isomeric Forms of Peptide 1 

Both the D- and L-isomeric forms of Peptide 1 were tested 
for their ability to decrease ear Swelling in response to 
DNFB application. BALB/c mice were sensitized with 0.5% 
DNFB as described in Example 8 (FIG. 19) above and 
received Subcutaneous injection of 40 lig/ear of either D- or 
L-isomeric form of Peptide 1 (closed circles) or RP (open 
circles) at 24 hr and 1 hr before elicitation with 0.2% DNFB. 
The data shown are the ear Swelling responses (compared 
with the baseline thickness before DNFB application) over 
a 3 day period. AS shown, both the L-isomer and the 
D-isomer decreased the ear Swelling in response to the 
DNFB application as compared to the mice receiving the RP 
(FIG. 24). 
The instant invention is shown and described herein in 

what is considered to be the most practical, and preferred 
embodiments. It is recognized, however, that departures may 
be made therefrom, which are within the scope of the 
invention, and that obvious modifications will occur to one 
skilled in the art upon reading this disclosure. 
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-continued 

<400 SEQUENCE: 3 

Met Asp His Leu Ala Thr Phe Arg Pro Ala Ile 
1 5 10 

<210> SEQ ID NO 4 
<211& LENGTH: 12 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic peptide 

<400 SEQUENCE: 4 

Thr Leu Arg Ala Ile Trp Pro Met Trp Met Ser Ser 
1 5 10 

<210 SEQ ID NO 5 
<211& LENGTH: 12 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic peptide 

<400 SEQUENCE: 5 

Ile Pro Leu Thr Ala Asn Tyr Glin Gly Asp Phe Thr 
1 5 10 

<210> SEQ ID NO 6 
&2 11s LENGTH 16 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic peptide 

<400 SEQUENCE: 6 

Ser Ala Thr Pro Ala Ser Ala Pro Tyr Pro Leu Ala Gly Gly Gly Ser 
1 5 10 15 

<210 SEQ ID NO 7 
<211& LENGTH: 12 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: synthetic peptide 

<400 SEQUENCE: 7 

Gly Ala Ala Trp Glin Phe Asn Ala Lieu. Thr Val Arg 
1 5 10 

<210 SEQ ID NO 8 
<211& LENGTH: 12 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: synthetic peptide 

<400 SEQUENCE: 8 

Gly Ala His Trp Glin Phe Ala Ala Leu Thr Val Arg 
1 5 10 

<210 SEQ ID NO 9 
<211& LENGTH: 12 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: synthetic peptide 
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-continued 

<400 SEQUENCE: 9 

Gly Ala His Trp Glin Phe Asn Ala Leu Thr Val Ala 
1 5 10 

<210> SEQ ID NO 10 
<211& LENGTH 4 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Spacer sequence 

<400 SEQUENCE: 10 

Gly Gly Gly Ser 
1 

What is claimed is: 
1. A method for inhibiting an immune reaction, Said 

method comprising administering a peptide consisting 
essentially of the amino acid Sequence of: 

i) (Gly-Ala-His-Trp-Gln-Phe-Asu-Ala-Leu-Thr-Val-Arg 
(SEQ ID NO: 1) or a conservative amino acid substi 
tution thereof at a residue position other than 4,5,6,9, 
10 or 11, 

ii) Gly-Ala-Ala-Trp-Gln-Phe-Asn-Ala-Leu-Thr-Val-Arg 
(SEQ ID NO:7) or a conservative amino acid substi 
tution thereof at a residue position other than 4,5,6,9, 
10 or 11, 

iii) Gly-Ala-His-Trp-Gln-Phe-Ala-Ala-Leu-Thr-Val-Arg 
(SEQ ID NO:8) or a conservative amino acid substi 
tution thereof at a residue position other than 4,5,6,9, 
10 or 11, and 
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iv) Gly-Ala-His-Trp-Gln-Phe-Asn-Ala-Leu-Thr-Val-Ala 
(SEQ ID NO:9) or a conservative amino acid substi 
tution thereof at a residue position other than 4,5,6,9, 
10 or 11, 

wherein the peptide Selectively binds hyaluronic acid that 
inhibits an immune reaction. 

2. The method of claim 1, wherein the immune reaction 
is cutaneous. 

3. The method of claim 1, wherein the peptide inhibits 
leukocyte infiltration. 

4. The method of claim 1, wherein said method comprises 
administering: 

a carrier material; and 
a said peptide to a Subject with an immune reaction. 
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